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Introduction
The overall purpose of the study was to examine whether the well-known association between neighborhood deprivation and mortality differs depending on whether deprivation is assessed at the national or the county level, as well as to examine whether these associations vary between regions (metropolitan vs. rural, north vs. south).
The association between neighborhood deprivation, mortality, and impaired health is well established. For example, associations between neighborhood deprivation and mortality due to all causes and cardiovascular mortality in addition to cardiovascular morbidity and poor overall health have been reported (Chaix 2009; Cummins et al. 2007; Diez-Roux et al. 1997; Diez-Roux 2001; Diez-Roux et al. 2001; Diez-Roux et al. 2016; Meijer et al. 2012; Pickett and Pearl 2001) . Several studies conducted in Sweden have reported similar findings: For example, coronary heart disease (CHD) incidence rates as well as case fatalities were higher in deprived neighborhoods than in wealthier neighborhoods (Winkleby, Sundquist, and Cubbin 2007; Chaix, Rosvall, and Merlo 2007; Carlsson et al. 2016; Oudin Åström, Sundquist and Sundquist 2018) . Another Swedish study reported that individuals with diabetes residing in deprived neighborhoods had higher odds of being hospitalized for CHD than those who resided in wealthy neighborhoods (Chaikiat et al. 2012) . The associations between neighborhood factors and health-related outcomes, including mortality, have mostly remained significant after taking individual factors, including socioeconomic status, into account Pickett and Pearl 2001; Sundquist, Malmström, and Johansson 2004) .
In the United States, Chetty et al. (2016) recently demonstrated that higher individual income was associated with greater longevity, with increasing differences across income groups over time (Chetty et al. 2016) . These previous studies suggest that health policies need to focus on both individuals and neighborhoods.
Absolute deprivation has a deleterious effect on people's health as a result of an inability to cover basic needs at the individual level and/or not allowing people to access health-promoting activities at the neighborhood level (Elgar et al. 2016 ).
However, most neighborhood studies in industrialized countries have used relative measures of neighborhood deprivation. Although most people in industrialized countries have their basic needs covered, associations between deprivation, mortality, and health-related outcomes still exist. Marmot (2004) showed the effect of social status on the heart disease risk in his famous studies of Whitehall civil servants (Marmot 2004) . Although basic needs were met for all, those with a higher rank or social status had better health prospects and life expectancy, even when CHD risk factors such as smoking and cholesterol were factored out. These effects may be caused by relative rather than absolute deprivation, as individuals tend to compare their own situation with that of the people around them (Walker and Pettigrew 1984) . We therefore hypothesize that the effect on mortality of the relative level of neighborhood deprivation may differ when the relative deprivation is assessed at the county rather than the national level (the latter being the most common approach in previous neighborhood studies) . We also hypothesize that the effect on mortality of neighborhood deprivation may differ between regions. For example, in a study that examined trends in rural vs. urban disparities in the United States between 1969 and 2009, those residing in metropolitan regions experienced larger reductions in mortality than those residing in more rural regions (Singh and Siahpush 2014) . Similar results have been shown in other studies from the United States (Kulshreshtha et al. 2014) and Sweden (Winkleby, Sundquist, and Cubbin 2007) . A recent study from the United Kingdom, covering the period 1965 to 2010, found excess mortality rates remained consistent over time in the five northernmost compared to the four southernmost Government Office Regions in England (Buchan et al. 2017) . In Sweden, life expectancy may differ by up to two and a half years depending on county of residence (Statistics Sweden 2017).
However, most previous studies investigating the association between neighborhood and different health outcomes, including those from Sweden, have used measures of neighborhood deprivation derived at a national level. Such an approach will not be able to fully capture the potential effect of relative neighborhood deprivation, as it has been shown that individuals tend to compare their own situation with that of people in their immediate surroundings (Walker and Pettigrew 1984) . This calls for further studies where measures of neighborhood deprivation are taken at a more local level: that is, at the municipality, city, or county level. In addition, for the development of suitable neighborhood policies, it may not be appropriate to assume that the effect on mortality of living in the most deprived neighborhoods will be similar whether neighborhood deprivation is defined at the national or the county level or that neighborhood deprivation will have a similar effect in different types of regions (metropolitan vs. rural, north vs. south). Knowledge of mortality by level of neighborhood deprivation derived at the county level may aid decision-and policymakers in the development of tailored health care policies for deprived neighborhoods.
The specific aims of the present study were:
1.
To investigate the association between neighborhood deprivation and mortality due to all causes and to CHD using the neighborhood deprivation index (NDI) at both national and county-specific levels. 2.
To examine whether the estimates differ when using an NDI at a national or a county level. 3.
To investigate whether the effect on mortality of living in the most deprived areas is different in a metropolitan setting compared to more rural areas in southern and northern Sweden.
Methods
Data sources
Statistics Sweden provided individual-level demographic and socioeconomic data for the study population. This data consisted of the entire Swedish population aged above 50 residing in any of the 21 regions of Sweden on January 1, 1990. We chose the cutoff point of 50 years of age because mortality due to CHD is rare in younger populations (National Heart, Lung, and Blood Institute 2016). In addition, elderly frail people may be negatively affected by both individual socioeconomic status and level of neighborhood deprivation (Lang et al. 2009; Yen, Michael, and Perdue 2009) . During the study period (January 1, 1990, until December 31, 2013) we collected dates of fatal events due to all causes and, more specifically, fatalities due to a CHDcoded event (ICD-9: 410-414; ICD-10: I20-I25). Each individual was followed until date of death, end of study, or loss to follow-up (indicating that he or she had moved away from the area of residence they were registered at in 1990), whichever came first.
The home addresses of all Swedish adults have been geocoded to represent small geographic units. These neighborhood areas, known as small area market statistics (SAMS), have an average population of 1,000 to 2,000 inhabitants. SAMS were used as proxies for neighborhoods, as described elsewhere Winkleby, Sundquist, and Cubbin 2007) . Approximately 90% of women and men lived in the same SAMS neighborhood over the course of the study: that is, from the start of the study to either death or the end of the study.
Based on previously described methods (Winkleby, Sundquist, and Cubbin 2007) , we calculated the NDI for each SAMS in Sweden in the year 1990. In short, NDI is a summary measure based on the following four variables indicating deprivation: low educational status, low income, unemployment, and receiving social welfare (Winkleby, Sundquist, and Cubbin 2007) . In the present study, higher scores indicate more affluent neighborhoods, whereas lower scores indicate more deprived neighborhoods. For each separate regio n, as w ell as for Sw eden as a w hole, we calculated the 25th, 50th, and 75th percentiles of the NDI for the year 1990. We included data from 8,104 SAMS in the present study (excluding SAMS with fewer than 50 inhabitants).
Statistical analyses
The association between neighborhood deprivation and mortality was assessed using Cox proportional hazards regression, with attained age as the underlying time variable. The analyses compared the 25% most deprived SAMS to the 25% most affluent SAMS within each region, using the NDI calculated on a national as well as a regional level. Before calculating a region-specific index, we investigated the presence of a statistical interaction between region and NDI in our Cox proportional hazard regression model. Our data suggested strong evidence for such an interaction term.
Model 1: First, we included only NDI in the model. We ran this model using the NDI calculated for Sweden, as well as separately for each county. This allowed us to investigate differences in the association when using the index at both national and county-specific levels. We stratified the analyses on county of residence.
Model 2: Second, we adjusted Model 1 for putative confounders at an individual level. We included sex, educational attainment (three levels: ≤9 years [completion of compulsory school or less], 10-11 years [practical high school], and ≥12 years [theoretical high school and/or college]), recipient of social welfare (yes/no), and family income in Swedish kronor (SEK) (continuous variable).
We further investigated if the influence on mortality of residing in the 25% most deprived areas differed between metropolitan areas (defined as Stockholm, Skåne, and Västra Götaland, the three most populated metropolitan regions in Sweden) and relatively more rural areas in the southern and northern parts of Sweden ( Figure 1 ) by adding an interaction term between region and the NDI. Again, our data suggested strong evidence for such an interaction term and we stratified the analyses accordingly.
Figure 1: Regions in Sweden
Formal tests for proportionality were performed by adding an interaction term between the logarithm of the time variable and neighborhood characteristics. The interactions were all statistically nonsignificant at the 5% level, indicating that the proportionality assumption with time was not violated.
The crude and adjusted models were, for both the national and the county-level NDIs, evaluated based on the Akaike information criterion (AIC) (Bozdogan 1987) . The AICs were similar whether using the index derived at a national or a county level (results not shown).
To additionally evaluate if using a national-or a county-level index resulted in an observed difference in the association between neighborhood deprivation and mortality, we calculated a Z-score and corresponding p-value. To be conservative we used the Bonferroni method of p-value correction to compensate for multiple comparisons (Bland and Altman 1995) .
As a sensitivity analysis, rather than censoring those moving to a new SAMS of residence, we assumed the SAMS of residence in 1990 to be representative for the entire period the individual remained in the study: that is, until death or the end of the study. The results from the sensitivity analysis were almost identical (see Table A -1). Table 1 includes descriptive statistics of the population size, follow-up time, and sociodemographic variables in the 21 counties. The counties with the largest populations were Västra Götaland, Stockholm, and Skåne, and the counties with the smallest populations were Gotland, Jämtland, and Blekinge. We used the countyspecific indices to define the 25% most deprived and 25% most affluent neighborhoods. The county figures for the populations living in the 25% most deprived neighborhoods were the following: Västmanland (28%), Stockholm (28%), and Örebro (29%). The corresponding county figures for the populations living in the most deprived neighborhoods were Västerbotten (15%), Norrbotten (16%), and Jämtland (16%). Note: 1 Size and percentage of the population residing in the 25% most deprived neighborhoods (county-specific neighborhood deprivation index).
Results
2 Size and percentage of the population residing in the 25% most affluent neighborhoods (county-specific neighborhood deprivation index).
3 IQR = interquartile range. 4 Family income in thousands of Swedish kronor.
A total of 54% of the entire study population was female. At the time of inclusion in the study, the median age in the total population was 66 years (IQR = 57-74). The median annual family income was 900,000 SEK in Stockholm (highest) and 686,000 SEK in Gotland (lowest) and varied between 704,000 and 781,000 SEK in the other 19 counties. The median follow-up time in the 21 counties varied between 17 and 19 years. In the total population, 65% (N = 1,779,552) of the people died during the course of the study. The median follow-up time was 18 years. Figure 2 shows the median NDI score in Sweden and the 21 counties. Stockholm had the highest median NDI, whereas Värmland had the lowest. Medians of the neighborhood deprivation index for Sweden and the counties in 1990 Table 2 shows the adjusted hazard ratios (HRs) for all-cause mortality and CHD mortality in the 21 counties. Separate analyses were performed for the national NDI and the county-specific NDI. In most counties, increased risks for all-cause mortality were observed in deprived neighborhoods, after adjustment for the individual-level sociodemographic variables. When the national NDI was used, the HRs varied between 0.95 (95% confidence interval [CI]: 0.84-1.09) in Gotland and 1.28 (95% CI: 1.26-1.32) in Östergötland for all-cause mortality and between 0.94 (95% CI: 0.87-1.02) in Jämtland and 1.45 (95% CI: 1.35-1.56) in Västmanland for CHD mortality. In only two counties (Stockholm and Värmland) were statistically significant differences observed between the HRs for all-cause mortality when using the national NDI and the countyspecific NDI. For CHD mortality, this was the case for Stockholm and Västra Götaland (the two most populated counties). The HRs for CHD mortality were generally higher than those for all-cause mortality. After adjustment for multiple testing, the statistically significant difference between using the national NDI and the county-specific NDI remained at the 5% confidence level for Stockholm, for both all-cause and CHD mortality, as well as for CHD mortality in Västra Götaland, whereas for Värmland the confidence level increased to 10%. Table A-2 shows the crude HRs, which were generally higher than in the adjusted HRs shown in Table 2 . Table 3 shows the models stratified by the regional variable: that is, categorized as metropolitan and the more rural northern and southern regions. The strength of the association between neighborhood deprivation and all-cause mortality, when using the national and the county-specific NDIs, was higher in the metropolitan than in the more rural areas in the southern and northern regions. For CHD mortality, the strength of the association was higher in the metropolitan than in the more rural areas in the southern and northern regions. When using the county-specific NDI for CHD mortality, the strength of the association was higher in the metropolitan region than in the more rural areas in the southern and northern regions. After adjustments for the individual-level sociodemographic variables, the HR in the metropolitan regions for all-cause mortality was 1.21 (95% CI: 1.20-1.22) and 1.27 (95% CI: 1.25-1.28). For CHD mortality, the corresponding HRs were 1.32 (95% CI: 1.30-1.34) for the national NDI and 1.34 (95% CI: 1.31-1.36) for the metropolitan-specific NDI respectively. 
Discussion
The present study shows that there are associations in most counties between neighborhood deprivation and mortality due to all causes and to CHD. These associations were found using the NDIs derived at both national and county levels. In only one county, Stockholm, was a significant difference (95% CI and accounting for multiple testing) observed between the HRs for all-cause mortality when using the national NDI and the county-specific NDI. For CHD mortality, this was the case for the counties of Västra Götaland and Stockholm, the two most populous counties. The strength of the association between neighborhood deprivation and all-cause mortality, as well as CHD mortality, was greater in the metropolitan than in the more rural areas in the southern and northern regions. This was the case when using both the national and the region-specific NDIs. The positive association between neighborhood deprivation and mortality found in most of the 21 Swedish counties concurs with previous research (Winkleby, Sundquist, and Cubbin 2007; Wändell et al. 2016) . These associations were found using the deprivation indices derived at both national and county levels. The associations remained after adjusting for putative confounders, such as age, education, and individual income. In two of the 21 counties, there were no significant associations between the NDI and mortality (all-cause and due to CHD). The two least populated counties, Gotland and Jämtland, had relatively small socioeconomic differences between deprived and affluent neighborhoods.
The magnitudes of the increased risk of mortality, both all-cause and due to CHD, are in accordance with previous findings. Increased mortality due to all causes has been previously reported among individuals residing in areas with low social capital (odds ratio after adjustments 1.27 95% CI 1.25-1.29) (Sundquist et al. 2014) . Regarding CHD mortality, Winkleby, Sundquist, and Cubbin (2007) found an increased risk for both men, HR: 1.36 (1.22-1.52), and women, HR: 1.33 (1.08-1.65), among those residing in a neighborhood defined as being highly deprived as compared to a low deprivation equivalent (Winkleby, Sundquist, and Cubbin 2007) . Wändell et al. (2016) recently found that individuals diagnosed with atrial fibrillation who resided in a deprived neighborhood had the highest mortality risk due to all causes (HR: 1.49 95% CI 1.13-1.96) .
Overall, we found that the mortality risks were similar in most counties when comparing the estimates derived from NDIs at both national and county-specific levels. This means that for most counties it is not necessary to calculate a county-specific NDI instead of using the readily available national NDI. Thus, our data does not support our hypothesis that a county-specific index may better reflect relevant socioeconomic differences associated with mortality than a nationally derived NDI, with some exceptions. A possible explanation for our finding may be that Sweden is a relatively homogeneous country from a socioeconomic perspective. Our hypothesis was, however, confirmed in two counties, Västra Götaland and Stockholm. There the magnitude of the estimated HRs was significantly higher (95% CI and accounting for multiple testing) for both all-cause mortality and CHD mortality when using the county-specific NDI. An opposite pattern was observed in the county of Värmland: when using the nationally derived NDI, the magnitude of the estimated HRs was significantly higher for all-cause mortality and also tended to be higher for CHD mortality, although the results did not remain significant for Värmland after adjusting for multiple testing. A possible explanation, albeit not robust in Värmland when accounting for multiple testing, is that when these counties, representing the most affluent (Stockholm) and the most deprived (Värmland), are assessed by the NDI, we will be comparing the populations within each county with two different reference populations although the same deprivation index is being used at both national and county levels. Furthermore, the pattern of a potentially different effect on mortality when the median of the county-specific index differs from the median of the national index is not consistent in our material, which supports our conclusion that the choice of NDI, national or county-specific, may be of importance only in large metropolitan regions.
Mortality data from Sweden reveals differences in mortality between the 21 counties in the country. Life expectancy at birth was assessed and the difference between the counties with the highest life expectancy and the county with the lowest life expectancy was approximately two years for women and two and a half years for men (Statistics Sweden 2017) . There are also differences in the NDI between counties that reflect the socioeconomic differences within Sweden. The NDI is based on four variables: low educational status, low income, unemployment, and receiving social welfare (Winkleby, Sundquist, and Cubbin 2007) . Some of the observed differences in mortality between the most deprived counties and the most affluent counties may, however, also be affected by other differences between regions, such as level of urbanization and access to services and resources.
A n o t h e r i m p o r t a n t f i n d i n g o f t h e p r e s e n t s t u d y i s t h a t t h e s t r e n g t h o f t h e association between neighborhood deprivation and all-cause as well as CHD mortality was greater in the metropolitan than in the more rural areas whether using the national or the county-specific NDI. This means that neighborhood deprivation may have a more detrimental effect on life expectancy in metropolitan than in more rural areas. Our findings partially corroborate those of Winkleby, Sundquist, and Cubbin (2007) , where urban areas were found to have higher mortality rates than midsized towns and smaller cities (Winkleby, Sundquist, and Cubbin 2007) . However, to the best of our knowledge, this study is the first that covers an entire population to present evidence of a potentially stronger effect of neighborhood deprivation in metropolitan regions. One possible explanation for our findings is that relative poverty in the metropolitan regions might transfer to larger absolute differences in neighborhood deprivation in these regions. We hypothesized that the association between neighborhood deprivation and mortality would differ between urban and rural regions. A Canadian study compared survival inequalities using both an area-based index and an individual index of deprivation. The authors concluded that survival inequalities in rural areas were lower than in urban areas when using an area-based index but of a similar magnitude when using an individual index (Pampalon, Hamel, and Gamache 2010) , which is consistent with the findings of our study.
Previous research has stressed the importance of defining the geographic area where the health outcome is to be studied (Diez-Roux 2001) . Metropolitan areas are often divided into smaller geographic administrative units than rural regions. Our findings are therefore partially in agreement with those of Meijer et al. (2012) , who in a meta-analysis found stronger associations between neighborhood deprivation and mortality in smaller units than in larger geographic ones (Meijer et al. 2012) . Residents of deprived neighborhoods in metropolitan regions may therefore be more exposed than those in rural regions to relative deprivation.
Strengths and limitations
The main strength of the current study is that it covers the entire population aged above 50 residing in Sweden at the start of follow-up in 1990. Another strength is the investigation of both all-cause mortality and mortality due to CHD. The validity of the S w e d i s h C a u s e o f D e a t h r e g i s t e r s c a n b e c o n s i d e r e d t o b e h i g h a n d t h u s misclassification of deaths due to CHD should be limited (National Board of Health and Welfare 2017). Furthermore, the nationwide registers used in the study are almost complete, so any loss to follow-up is limited. The consistent definition of the areas that we studied, both geographically and over time, is another strength that minimized bias due to the modifiable area unit problem. Such bias may arise when the aggregation of events into geographic areas is dependent of the researcher's choice (Wong 2009 ). We used the same geographic boundaries to define the counties each year of the study, when using both the national and the regional NDIs. There were only slight changes in the definitions of Swedish counties during the course of the study. For instance, in 1998 the two southernmost counties were merged into one, resulting in the county of Scania. We used the merged two counties to define the county of Scania throughout the entire study period.
A limitation of our study is that we did not have access to individual-level lifestyle factors that may be associated with premature death and CHD, such as smoking, diet, and physical activity. However, Diez-Roux et al. (2001) reported almost identical estimates for the associations between neighborhood deprivation and mortality after adding several important individual-level confounders related to lifestyle (Diez-Roux et al. 2001) . We did, however, have access to several measures of individual socioeconomic status (family income, educational attainment, and receipt of social welfare). As these factors have been shown to affect mortality (Chetty et al. 2016) , adjusting for individual socioeconomic status is essential. Our approach is prone to spectrum bias, since we are comparing the 25% most deprived SAMS with the 25% most affluent SAMS within each region, using two different indices of neighborhood deprivation -one derived at a national level and one at a county-specific level. As a SAMS may belong to the 25% most deprived areas in one setting but not in another, we may not be comparing the same populations. However, the aim of the present study was to investigate whether the association between neighborhood deprivation and all-cause as well as CHD mortality differed when using an NDI derived at a national as opposed to a county-specific level. Finally, differences between neighborhoods and regions may reflect differences that are unrelated to deprivation and are unaccounted for in our study.
Conclusion
Despite the observed differences in the median of the NDI between counties, our data suggests that the choice of NDI, national or county-specific, may be of importance only in large metropolitan regions. Furthermore, neighborhood deprivation may have a greater detrimental effect on life expectancy in metropolitan than in more rural areas. Future studies should examine which mechanisms underlying the association between neighborhood deprivation and mortality are at work in metropolitan regions.
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